Links between short sleep duration and obesity, type 2 diabetes, hypertension, and cardiovascular disease may be mediated through changes in dietary intake. This review provides an overview of recent epidemiologic studies on the relations between habitual short sleep duration and dietary intake in adults from 16 cross-sectional studies. The studies have observed consistent associations between short sleep duration and higher total energy intake and higher total fat intake, and limited evidence for lower fruit intake, and lower quality diets. Evidence also suggests that short sleepers may have irregular eating behavior deviating from the traditional 3 meals/d to fewer main meals and more frequent, smaller, energy-dense, and highly palatable snacks at night. Although the impact of short sleep duration on dietary intake tends to be small, if chronic, it may contribute to an increased risk of obesity and related chronic disease. Mechanisms mediating the associations between sleep duration and dietary intake are likely to be multifactorial and include differences in the appetite-related hormones leptin and ghrelin, hedonic pathways, extended hours for intake, and altered time of intake. Taking into account these epidemiologic relations and the evidence for causal relations between sleep loss and metabolism and cardiovascular function, health promotion strategies should emphasize improved sleep as an additional factor in health and weight management. Moreover, future sleep interventions in controlled studies and sleep extension trials in chronic short sleepers are imperative for establishing whether there is a causal relation between short sleep duration and changes in dietary intake. Adv Nutr 2015;6:648-59.
Introduction
A sleep duration of 7-9 h for adults (26-64 y of age) and 7-8 h for older adults ($65 y of age) is necessary for optimal health, whereas a duration of <6 h for adults and 5-6 h for older adults is insufficient, according to the National Sleep Foundation (1) . The average self-reported sleep duration in adults deviates from recommended sleep duration (2) . Although only 12% of US adults had reported <6 h of sleep in 1998, the prevalence of short sleep duration has steadily increased (3) . The NHANES estimated that, during 2007-2010, up to 37.3% of US adults ($20 y of age) reported sleeping 6 h or less, whereas only 60.4% reported sleeping 7-9 h (4). Consequently, short sleep duration has been an area of increasing public health concern (5, 6) .
The relations between short sleep duration and anthropometric measures have been extensively investigated in observational studies and reviewed in Advances in Nutrition (7) . Cross-sectional studies have found a significant association between short sleep duration and higher prevalence of weight gain or obesity in both children and adults (8) (9) (10) , with a higher waist circumference (11) and percentage of body fat (12) . Consistent with that, a recent meta-analysis of prospective studies observed that short sleep duration (#6 h) was associated with a 45% increased risk of obesity compared with normal sleep duration (13) .
Short sleep duration has also been investigated in the context of chronic diseases. Self-reported short sleep has been associated with hypertension (14) , type 2 diabetes (15) , cardiovascular disease (16) , and all-cause mortality (17) independent of weight status, possibly as a result of its altering several metabolic markers that predispose individuals to cardiometabolic diseases (18, 19) . Cardiometabolic markers, including higher systolic and diastolic blood pressure (21) , inflammation (22) , impaired glucose tolerance (15) , and higher serum TGs and lower serum HDL cholesterol (23) concentrations, have also been associated with short sleep (20) . Because cardiometabolic conditions have strong nutritional determinants, links between short sleep and metabolic disruption may be mediated through changes in dietary intake (24) .
The link between sleep and diet was formally tested by Hicks et al. (25) in 1986 and thereafter by Lucero et al. (26) in 1990. This review provides an overview of recent epidemiologic studies on the relations between habitual short sleep duration and dietary intake in adults and explores potential mechanisms mediating these associations. Conclusions drawn from this overview may help us better understand the complex relation between sleep and obesity and other cardiometabolic traits, and-along with evidence from experimental studiesdevelop lifestyle recommendations for the prevention of obesity and related chronic disease.
Relations between Sleep Duration and Diet
Experimental evidence Short-term, acute sleep restriction studies with experimental study design have been conducted to assess the impact of short sleep duration on health and dietary intake by accurately monitoring energy intake in adults and also allowing testing of causality and mechanism. Brondel et al. (27) observed increased total energy intake (;22%) in men after 1 night of 4 h sleep restriction. Although increases in total calories have also been observed by others (28) (29) (30) (31) , this observation has not been consistent (32, 33) , and instead, differences may appear in the intake of specific nutrients, including a higher intake of total fat (27, 29, 30, 34) , SFAs (30) , snacks (35) , and carbohydrate-rich snacks-particularly between the hours of 1900 and 0700 (32) ; postdinner snacks rich in carbohydrates, proteins, and fiber (31); and dessert (29) ; as well as a lower intake of carbohydrates (34) and differences in the timings of intake (29, 36) .
If the observed dietary changes after acute sleep restriction, particularly increases in total energy, total fat, and SFA intake and energy-dense late night snacks, are sustained over the long-term and are not met by an equivalent increase in energy expenditure, they may explain the associations between short sleep and obesity and chronic diseases. Because the controlled settings of clinical trials investigating small and selected subsets of adults offer limited generalizability, examining habitual sleep loss outside the laboratory and in larger cohorts is necessary to understand the risk of chronic diseases, including obesity, in real life environments (37, 38) .
Epidemiologic evidence
We conducted a comprehensive PubMed literature search for publications on habitual short sleep duration (assessed subjectively or objectively) and dietary intake (total energy or macronutrients) in adults. We also crossreferenced the citations from recovered studies. Cohort studies in children and micronutrients were excluded. We identified 16 published studies investigating the relations between sleep duration and diet derived from cross-sectional studies, which have generally been conducted in national surveys and population-based observational studies ( Table 1 and Table 2 ).
Total energy intake. Because energy intake is a major contributor to higher BMI, numerous cross-sectional analyses of observational studies examined the association between sleep duration and total energy intake. Consistent with the findings of experimental sleep restriction studies, observational studies of habitual sleep duration and dietary intake have generally found an association between short sleep and higher total calories (37, (47) (48) (49) (50) (51) . Stern et al. (47) reported a 1% higher energy intake in postmenopausal women in the Women Health Initiative (WHI) 3 study who self-reported sleep duration #6 h compared with normal sleep duration (7 h). A subset of the WHI participants with 7 d wrist actigraphic sleep recordings further support this relation, indicating a significant negative correlation (r = 20.162) between objectively estimated sleep duration and total energy intake (48). This negative correlation appears to be of a larger magnitude (r = 20.23) in a population of obese adults with prevalent sleep apnea (51) . In NHANES participants, Grandner et al. (37) found that short sleepers (5-6 h) reported the highest total energy intake (2201 kcal), whereas despite having the highest BMIs, very short sleepers (<5 h) reported the lowest intake (2036 kcal)-possibly because of the underreporting of intake-relative to normal sleepers (7-8 h; 2151 kcal). Finally, studies that used objective measures of energy intake further support an inverse link between sleep and energy intake, indicating that adults reporting #6 h of sleep consumed 178 kcal/d more than those reporting $9 h (50). Inconsistent findings from other studies (12, 39) might be due to differences in the prevalence of short sleep duration in the respective populations.
In summary, evidence from epidemiologic studies is consistent with that from experimental studies, suggesting that sleep loss promotes increases in daily caloric intake. Although some studies also observe modest increases in energy expenditure in short-duration sleepers (18, 31, 50) , as a result of extended hours of wakefulness, this appears to be often overridden by considerably higher increases in intake, emphasizing the importance of alterations in intake.
Nutrients, dietary composition, and foods. Thus far, epidemiologic studies examining sleep duration in relation to diet are widely variable in their focus and findings. These cross-sectional investigations assess the impact of sleep duration on either the absolute (37, 42, 48, 52) or relative (42) (43) (44) 49) intake of nutrients or foods (39, 45, 46, 53) .
Starting with nutrients, in the NHANES, Grandner et al. (37) found that short sleepers (5-6 h) reported higher absolute protein, carbohydrate, sugar, and total fat intake, but Very short sleepers (,5 h) had the lowest total energy intake (2036 kcal), whereas short sleepers (5-6 h) had the highest (2201 kcal). Very short sleepers also had a lower intake of protein, carbohydrates, sugars, dietary fiber, and total fat than did normal sleepers (7-8 h), whereas short sleepers had a higher intake of protein, carbohydrates, sugars, and total fat, but a lower intake of dietary fiber, than normal sleepers had (all P , 0.05).
Food variety was the least in very short sleepers and low in short sleepers compared with normal sleepers.
(Continued) 6.0 6 0.8 Sleep duration and energy intake were inversely related (r = 20.23; P = 0.015). Severity of sleep apnea (as indicated by the respiratory disturbance index) was associated with a shift in macronutrient composition, with 0.17% lower carbohydrate intake (P = 0.03) and 0.13% higher fat intake (P = 0.05) per additional increase in index.
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lower intake of dietary fiber than did normal sleepers (7-8 h), whereas very short sleepers (<5 h) reported lower intake of protein, carbohydrates, sugars, dietary fiber, and total fats than did normal sleepers. In a subset of postmenopausal women (n = 459) in the WHI study with actigraphic sleep duration, Grandner et al. (48) identified negative correlations between actigraphic sleep duration and absolute intake of total fat, MUFAs, PUFAs, SFAs, trans FAs, and cholesterol, whereas self-reported sleep duration from the same WHI participants did not correlate significantly with dietary nutrients. General disagreements between subjective and actigraphic sleep measures may contribute to the observed differences in the correlations between sleep duration and dietary intake (54) . A study of elderly obese patients also reported negative correlations between sleep duration and MUFA and dietary cholesterol intake among men only, as well as a negative correlation with total protein intake (52) . In contrast, a small study in Greek women reported a weak positive correlation between sleep duration and SFAs (12) . Finally, Kant et al. (42) identified in a recent NHANES analysis including up to 15,199 adults that short sleepers (#6 h) reported higher total sugar intake. In summary, although results from studies assessing the relation between absolute nutrient intake and sleep duration are inconsistent, current evidence suggests a trend toward higher absolute intake of fat in short sleep duration. Because changes in dietary composition independent of total intake increase obesity risk (55), other investigations have assessed whether sleep duration influences dietary composition. Accordingly, studies have adjusted for total energy intake or expressed nutrients as percentages of total energy intake in their analyses, thus controlling for variation in total calories consumed (42) (43) (44) 49) . In a recent meta-analysis including up to 14,906 participants of European descent from 9 US and European cohort studies of the Cohorts for Heart and Aging Research in Genomic Epidemiology Consortium, we observed associations between sleep duration and macronutrient composition in age-and sex-stratified groups (43) . We identified a significant association between shorter sleep duration and higher relative SFA intake in younger (20-64 y of age) men and women, and with higher relative carbohydrate, lower relative total fat, and lower relative PUFA intake in older (65-80 y of age) women. An analysis of 2828 Chinese adults residing in Jiangsu province observed that individuals with a self-reported short sleep duration of <7 h had 1.8% lower carbohydrate and 1.5% higher fat intake/d than did normal duration sleepers (7-9 h) (44). Kant et al. (42) also observed in the NHANES that both short and long sleepers reported a lower percentage of energy from protein than did normal-duration sleepers. Finally, a study of younger adult women found that those with a selfreported short sleep duration (<6 h) had the highest percentage energy intake from carbohydrates and lowest energy intake from protein relative to those with normal sleep duration (6-8 h) (49) .
Collectively, these studies suggest that short sleepers may consume diets of higher fat and lower protein composition; however, results for carbohydrate composition remain inconsistent.
Other studies have focused primarily on the effects of sleep loss on food intake. Reports from a large study of 68,832 Chinese women in the Shanghai Women's Health Study identified associations between self-reported short sleep duration (<6 h) and lower tea and fruit intake (39) . Meanwhile, an investigation of 2000 Japanese factory workers observed that short sleepers (<6 h) reported consuming fewer vegetables than did normal sleepers (6-9 h), as assessed with the use of a dietary habits questionnaire (45) . Similar results were found in a cohort of 1125 US adults residing in the Midwest, which reported an association between short sleep duration (<7 h) and 75% increased odds of low (1-2 servings/d) fruit and vegetable consumption (46) . A cross-sectional analysis of 410 young women further support the associations between short sleep duration (<6 h) and a lower intake of fruits in addition to lower dietary fiber, whole grains, and beans (49) . In summary, results from a few studies investigating the link between sleep duration and foods support the relation between short sleep duration and lower intakes of healthy foods; however, these investigations remain sparse.
Diet quality. Two cross-sectional studies have examined the relation between sleep duration and diet quality (based on validated healthy eating indexes). In postmenopausal women participating in the WHI study, Stern et al. (47) observed that women sleeping #6 h had diets of lower quality than women sleeping 7 h, according to their scores from the Alternative Healthy Eating Index-2005, which assessed diet quality based on foods and nutrients related to chronic disease risk. Similarly, Haghighatdoost et al. (49) reported in an analysis of young women that short sleep duration of <6 h was significantly associated with lower diet quality according to their Healthy Eating Index scores tabulated from 10 various dietary components. Further investigation in men is necessary to determine the consistency of the identified relation between short sleep duration and lower diet quality. The link between short sleep duration and lower diet quality may also result from suboptimal nutrition resulting from food insecurity (56, 57) , with studies from NHANES having shown that food insecurity is also associated with short sleep duration (58).
Dietary behavior. Dietary behavior (i.e., all food-related behaviors independent of intake) also appears to be related to sleep duration, based on cross-sectional studies. In a large investigation of over 30,000 Japanese individuals, Ohida et al. (40) observed that sleep loss was associated with increased odds of self-reported irregular eating behavior (defined as not eating 3 times at determined times), unbalanced food variety, and trying to eat less. This is supported by another study of Japanese factory workers that observed that self-reported short sleep duration was associated with irregular meal times, snacking between meals, eating out, and other self-reported irregular eating habits (45) .
The shift from meals to snacks with short sleep was first observed in a study of college students in 1986 (25) , and later supported by recent studies of adolescents (59) and adults (41) . Results from principal component analysis indicated that conventional eating (i.e., eating during conventional eating hours from breakfast to dinner) decreased with short sleep, whereas snacking or irregular eating (i.e., dominance of snacks over meals) increased with short sleep (41) . Likewise in the NHANES, Kant et al. (42) observed that although the total number of eating episodes and snacking was not related to sleep duration, short sleepers reported less breakfast and dinner consumption, and more frequent snacking at or after 2000, specifically, after dinner. Not surprisingly, food variety in short (5-6 h) and very short (<5 h) sleepers also tends to be lower than in normal sleepers (7-8 h) (37) .
In summary, these studies suggest that short sleepers tend to deviate from traditional and daytime eating to unconventional and irregular nighttime eating. 3 Defined as not eating 3 times at determined times.
Mechanisms Relating Sleep Duration and Diet
The impact of sleep on dietary intake is likely to be multifactorial, and numerous mechanisms have been proposed and examined ( Figure 1) (57, 60-65 ).
Leptin and ghrelin (energy homeostatic control)
Among the most investigated mechanisms explaining the link between sleep and diet is a homeostatic control hypothesized to increase hunger during sleep deprivation through changes in the appetite-related hormones leptin, an adipocyte-derived hormone that suppresses appetite (66) , and ghrelin, a stomach-derived peptide that stimulates appetite (67) . A study by Spiegel et al. (68) showed that 2 consecutive nights of 4 h sleep restriction induced an 18% decrease in leptin and 28% increase in ghrelin; however, these findings have not been consistently reported in sleep restriction experimental studies, and this may be due to inadequate adjustment for total caloric intake, which influences the concentrations of these hormones (28, 33) . Meanwhile, some epidemiologic studies observed significantly lower leptin (47, 69) and higher ghrelin concentrations, or both (70), among short sleepers after adjustments for BMI (70) or total body fat mass (47) . A shift to increase hunger via these hormones may potentiate an increase in total energy intake in short sleepers, and-if unmet by an equivalent increase in energy expenditure, as observed in experimental studies (31) and suggested by low physical activity levels among short sleepers in epidemiologic studies (46)-would lead to energy imbalance.
Hedonic factor
Emerging hedonic pathways provide an additional potential mechanism by which sleep loss leads to changes in dietary intake (38) . St-Onge et al. (71) observed enhanced activity of the brain reward and food-sensitive centers in response to unhealthy food stimuli in 25 normal-weight adults after a 4 h sleep restriction protocol lasting 5 d compared with those getting 9 h of sleep. These neuroimaging experiments suggest that sleep restriction enhances hedonic stimulus processing in the brain and alters brain connectivity, providing greater reward of food with sleep loss (34, (71) (72) (73) ; it may also blunt the activity of appetitive evaluation regions during food craving, affecting food decisions (74) . This enhanced reward may mediate the increased intake of total energy and highly palatable, energy-dense foods and snacks in short sleepers.
More time for intake
Short sleep results in extended hours of wakefulness that presents additional opportunities to increase food intake. These hours are typically uncommon for conventional meals (late night and early morning). Therefore, additional eating events typically appear to be in the form of convenient carbohydraterich and energy-dense snacks (42) , favoring snacks over meals. The snacking behavior observed in short-sleeping children (59) and adults (32) may contribute to higher total energy intake and affect dietary composition and quality, resulting in obesity and other chronic conditions.
Altered time of intake
Emerging evidence suggests that the effect of calories on metabolism and health depends on the timing of intake. Latetime eating, particularly between 2200 and 0500 (after dinner and before breakfast), is common among short sleepers as a result of being awake at altered times (42, 53) . Baron et al. (53) observed that calories consumed after 2000 significantly predict higher BMI, independent of age, sleep timing, and sleep duration. Garaulet et al. (75) observed among overweight and obese individuals on a 20 wk weight loss intervention that late eaters are less successful at weight loss than are early eaters, independent of 24 h caloric intake, suggesting that timing of food intake is an independent predictor of weight loss success. Additional investigations provide further evidence for the role of timing of food intake on BMI, weight loss maintenance, glucose tolerance, and metabolic health (76) (77) (78) (79) (80) , and such timing may be related to differences in hormonal profiles, expression of key metabolic genes, and functionality of organs involved in digestion (81) .
Limitations, Research Needs, and Health Implications
Limitations of existing literature on sleep and diet Several limitations hamper the generalizability and consistency of the identified findings. First, all of the epidemiologic evidence to date is derived from cross-sectional analyses, which cannot inform temporal relations or causal pathways, and it is conceivable that dietary intake has an impact on sleep (82) or that there are shared underlying interindividual differences that affect both sleep and diet in parallel. Furthermore, the studies described include populations of varying age groups, sex, and geographic regions (US, European, and others) with different lifestyle habits, dietary patterns, and cardiometabolic disease risk, which may contribute to inconsistent findings.
Inconsistency in the observed relations between sleep and dietary intake in part may be due to differences in measurement methods for both sleep and diet. Sleep duration was most commonly assessed subjectively through self-report (12, 37, 39-47, 49, 50) , sleep logs (53), or a 7 d sleep diary (12) , whereas in a few studies, 7 d actigraphy was used instead (48, 51, 53) . Although the concordance between self-reported and actigraphic sleep duration tend to be significant, selfreported sleep duration tends to overestimate actigraphic sleep duration (51, 83, 84) . It is conceivable that self-reported and actigraphic sleep durations may reflect other sleep measures related to dietary intake (53) , and that self-reported sleep also accounts for sleepiness or fatigue as well, which may further influence energy balance (38, 48) .
Furthermore, the dietary assessment methodologies also present important limitations. Studies of sleep and diet have used a variety of dietary assessment tools, including FFQs (39, 41, 43, 47-49,) , 24 h dietary recall (37, 42, 52, 53), 3 d food records (44, 51) , and a 7 d food log (53), whereas others have used less-reliable lifestyle questionnaires with the use of undefined loose cutoffs, such as "infrequent intake" (40, 45, 46) . The FFQ methodology is often limited in its ability to assess total energy intake, and it does not usually allow the characterization of daily intake pattern (e.g., timing or frequency of eating occasions and snacking patterns, etc.), whereas the 24 h dietary recall may not provide a good representative measure of typical daily intake. In addition, studies investigating snacking have loosely defined snacking as an eating episode between meals, and the lack of precise definition may result in large variations in the classification of intake. In addition, assessment of sleep and diet in large cohort studies tends not to be done concurrently, possibly introducing random misclassification (40) .
Inconsistencies in data analyses are also evident. There is great variability in the cutoffs used to define short sleep duration, and the most common cutoffs are <6 h (39, 40, 45, 49) , #6 h (37, 42, 47, 50) , and <7 h (41, 44, 46) , which often represents similar groups, because sleep is often assessed in 1 h increments. Further subdividing short sleepers into short and very short sleepers may also result in conflicting findings among studies (37) . Whereas categorizing sleep duration in data analysis may reduce the misclassification resulting from recall bias by grouping individuals with similar perceived sleep duration, collapsing sleep duration into categories may also reduce the power necessary to detect associations. However, linear associations between sleep and dietary intake could impede the detection of nonlinear associations (16, 17, 70) . Furthermore, data analysis methodologies vary between univariate (ANOVA) (49) , bivariate [chi square test (45) , Pearson correlation (12, 52) , or t test (53) ], multivariate [linear/logistic regression model (37, 39, 40, 42-44, 46, 47, 50, 51) or partial correlation (48) ], or principal component (41) analyses. Moreover, adjustments for health status and other potential confounders in multivariate analyses varied and were not consistent across studies. Studies commonly included age, sex, gender/ ethnicity, and BMI (37, 42-44, 47, 50, 51) , and others further accounted for additional demographics and socioeconomic and health factors (37, 39, 42, 44, 46, 47, 50) , possibly leading to contradictory findings.
Evidence gaps and research needs
Investigations of the link between sleep and diet are scarce and several factors should be taken into account moving forward in order to address the large uncertainties still present ( Table 3) . Greater emphasis should be placed on accurate assessment of sleep duration via polysomnography and habitual diet through multiple food records or dietary recalls and further focusing on the timing and frequency of intake and snacking. Defined cutoffs for short sleep duration, such as those presented by the National Sleep Foundation, should be adopted in order to maintain consistency among studies. However, sleep duration is only one of several sleep variables. Preliminary evidence suggests that insufficient, disruptive, and late sleep is also associated with a higher intake of fat, lower intake of carbohydrates, and lower dietary quality (47, 52, 53, 85, 86) , and further investigations are necessary to consider the impact of sleep fragmentation, efficiency, and quality on dietary intake. Because napping in the United States is highly prevalent (;51%) (3), and objectively measured napping duration has previously been associated with diet (48), napping also requires consideration in future analyses. Furthermore, longitudinal studies of sleep duration and changes in intake are lacking and necessary to examine how change in sleep could affect dietary behavior (87) . Seasonal differences in sleep duration have been shown in children (88) and adults (89, 90) in whom objectively measured sleep duration was significantly longer in the fall than in the spring. Whether seasonality needs to be accounted for in future investigations is yet to be determined. The heritability of sleep duration is estimated to be 40% (91) , and population-based association studies (92) and recent genome-wide association studies (93) have identified genetic variants associated with habitual sleep duration, including loci flanking the thyroid-specific transcription factor paired box 8 (PAX8) and flanking immediate early response 3 (IER3) and flotillin 1 (FLOT1). Future investigations should assess whether genetic variants associated with sleep duration or known to influence the metabolic mediators linking sleep, metabolism, and obesity, such as CLOCK circadian locomotor output cycles kaput (CLOCK) (94) and tribbles pseudokinase 1 (TRIB1) (95) , can modify the links between short sleep duration and dietary intake in gene 3 environment interaction investigations in order to pinpoint personalized sleep recommendations necessary to achieve healthy intake profiles (43) .
Furthermore, studies reporting the association between sleep duration and diet tend to be gender-specific [women (12, 39, 41, (47) (48) (49) ; men (45)] and include a narrow agegroup [younger (49, 53) ; older (39, 41, 47, 48, 52) ] by design, whereas those that include both genders identify more associations in sex-specific strata (37, 43) . The mechanisms underlying these sex-specific associations are unclear, but could include sex-specific hormonal differences, differences in self-reporting behaviors (96), or differences in sleep duration between older adult men and women (1, 47, 52) . Exploration of effect modification by age and gender, as well as BMI and race/ethnicity, in nationally representative samples, is required.
Finally, causal relations cannot be inferred from epidemiologic studies, so it is imperative that we integrate information from epidemiologic studies along with controlled sleep intervention studies and sleep extension trials in chronic short sleepers to establish the causal relation between short sleep and changes in dietary intake. In an experimental sleep restriction study, having healthy adults transition from sleep restriction to adequate sleep opportunity led to reduced food intake, including lower fat and carbohydrate intake, and prevented weight gain (31) , whereas sleep extension trials in chronically sleep-deprived (<6.5 h) young adults at risk of obesity observed that sleep extended to 8.5 h for 2 wk was associated with lower overall appetite and desire for sweet and salty food, which encompassed energy-dense and highly palatable snacks (97) . Additional studies are currently underway in adults (registered at clinicaltrials.gov as NCT00261898) and infants (registered at clinicaltrials.gov as NCT00125580).
Translating evidence on sleep and diet for health and weight-loss interventions Sleep loss undermines health and wellness and is becoming extremely widespread. Although the existing evidence on sleep duration and diet has significant limitations, the overall evidence on sleep and health would suggest that accounting for sleep might benefit health interventions. In addition to diet and physical activity, health guidelines, obesity prevention campaigns, and weight-loss programs should include improved sleep and sleep hygiene as an additional behavioral component to target the widespread prevalence of obesity and chronic disease (18) . Short sleepers engage in pro-obesogenic eating behaviors, which contributes to the obesity epidemic. In addition, short sleep duration also compromises the efficacy and success of weight-loss interventions, resulting in the loss of fat-free body mass during periods of reduced caloric intake (98) . Our results also suggest that longer sleep duration could attenuate genetic predisposition to obesity (43) , and additional studies suggest that sleep could further attenuate genetic risk of various chronic diseases (91, 99) . Taking into account the causal evidence and epidemiologic relations between sleep loss and metabolism and cardiovascular function, health promotion strategies should emphasize improved sleep as an additional factor in health and weight management.
Addressing the importance of sleep for health requires emphasis on minimizing behaviors and environmental conditions that could be disruptive to sleep. Diet-related recommendations include consuming foods that promote sleep while avoiding others that might disrupt sleep, and limiting food intake within 2-3 h before bedtime. Additional general recommendations can be found in a previous review from Advances in Nutrition (7), the National Sleep Foundation (100), the American Academy of Sleep Medicine and Sleep Research Society (101) , and Healthy People 2020 (102) . Adopting these recommendations may improve dietary profiles through improvements in sleep.
Conclusions
Sleep exerts a wide range of physiologic functions, and, in this review, we have provided evidence that short sleep duration is associated with higher total caloric intake, higher absolute intake of fat, and diets with relatively higher fat and lower protein composition, and limited evidence that short sleep duration is associated with lower intake of fruits and vegetables and diets of lower quality. It is also possible that sleep has an impact on intake behaviors and the timing of caloric intake. Specifically, evidence points to the fact that eating behaviors deviate from the traditional 3 meals/d to fewer main meals and smaller, more frequent energy-dense and highly palatable snacks throughout the day and primarily concentrated at night in short sleepers. Mechanisms mediating the associations between sleep duration and dietary intake are likely to be multifactorial, and include differences in appetite-related hormones leptin and ghrelin, hedonic pathways, extended hours for intake, and altered time of intake; however, additional mechanisms may exist, and epidemiologic studies along with controlled sleep intervention studies and sleep extension trials in chronic short sleepers are imperative to establish these causal relations. These critical nutritional nuances contribute to an unhealthy diet that predisposes people to obesity and various chronic diseases.
